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woody plant encroachmentEncroachment of Great Plains grasslands by ﬁre-sensitive woody plants is a large-scale, regional process that frag-
ments grassland landscapes. Using prairie grouse (Tympanuchus spp.) of conservation concern, we apply hierarchy
theory to demonstrate how regional processes constrain lower-level processes and reduce the success of local
management. For example, ﬁre and grazingmanagement may be locally important to conservation, but the appli-
cation of ﬁre and grazing disturbances rarely cause irreversible fragmentation of grasslands in the Great Plains.
These disturbance processes cause short-term alterations in vegetation conditions that can be positive or negative,
but from a long-term perspective ﬁre maintains large tracts of continuous rangelands by limiting woody plant
encroachment. Conservation efforts for prairie grouse should be focused on landscape processes that contribute
to landscape fragmentation, such as increased dominance of trees or conversion to other land uses. In fact, reliance
on local management (e.g., maintaining vegetation structure) to alter prairie grouse vital rates is less important to
grouse population persistence given contemporary landscape level changes. Changing grass height, litter depth, or
increasing the cover of forbsmay impact a few remaining prairie-chickens, but it will not create useable space at a
scale relevant to the historic conditions that existed before land conversion and ﬁre suppression.
© 2017 The Society for Range Management. Published by Elsevier Inc. All rights reserved. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Many factors contribute to the fragmentation of rangelands, which is
a primary cause of population declines in species endemic to these
landscapes (Herkert 1994; Helzer and Jelinski 1999). Fragmentation
describes the active conversion or separation of large tracts of a vegeta-
tion type or state into small isolated fragments that may have limited
value for certain species (Pietz et al. 2009). Separation of habitat into
smaller, more isolated units can lead to local extinction or regional
declines because of limited dispersal among habitat patches (Herkert
1994). For populations of species such as grouse that rely on expansive
landscapes, fragmentation can have dire consequences. Population
declines of Lesser Prairie-Chicken (Tympanuchus pallidicinctus) and
Greater Prairie-Chicken (Tympanuchus cupido) have been attributed to
fragmentation from alteration of disturbance regimes (primarily ﬁre)
and the associated woody plant encroachment (Merrill et al. 1999; Wu
et al. 2001; Fuhlendorf et al. 2002a; McNew et al. 2012).
One of the major challenges for conservation efforts of a myriad of
species occurring on public and private lands is that the conditions that
are critical for the support and restoration of a population often occurlendorf).
ent. Published by Elsevier Inc. Alat many spatial scales that may or may not correspond to management
scales (Wiens 1989; Fuhlendorf and Smeins 1996). For example, many
grouse species have speciﬁc life history requirements that are proximally
required and variable for different activities such as nesting, brood
rearing, lekking, or roosting (Fig. 1). This local heterogeneity may be
critical to maintain populations, but from a broader spatial and temporal
perspective, large suitable landscapes that are connected to other popu-
lations may be more important for species persistence (Fuhlendorf et al.
2002a; Johnson et al. 2003). In fact, the size of the landscapes necessary
for even a given population to persist often can exceed parcel size,
making local management largely irrelevant if the landscape matrix is
not suitable for the species of concern. Further, conservation practices
at the more local scale (e.g., for a given parcel or landholding) can be
quite different from those focused on broader scales and either popula-
tion or species persistence. For example, local conservation practices
may focus on conditions related to successful nesting or brood rearing
while broader scale perspectives may focus on landscape composition
and pattern that prioritize connectivity between local populations.
While reproduction and survival at the local scale are obviously neces-
sary for population persistence, they are inherently constrained by
higher-order processes and are therefore a secondary concern to
landscape-scale conservation efforts. As resources for conservation are
always limited, it is critical that we prioritize conservation actions thatl rights reserved. This is an open access article under the CC BY-NC-ND license
Figure 1.Median (red dot) and ﬁrst and third quartile (lines) of sites selected by Greater Prairie-Chickens (Tympanuchus cupido) for lekking, nesting, and brood rearing, illustrating how
different life history needs aremet by various vegetation conditions. Data were collected at The Nature Conservancy’s Tallgrass Prairie Preserve, OK, USA, 2010-2013. (Artwork courtesy of
Gary Kirby.)
Figure 2. Descriptive matrix of categories of practices grouped by resistance to recovery
and by severity of change. Size and shape of a sphere denote the relative severity of the
change and inﬂuence of the disturbance practice on the resulting patch’s resistance to
recovery. The horizontal line marks a recovery threshold beyond which rangeland will
not likely recover from the change. Rangelands subjected to change above the recovery
threshold constrain the inﬂuence of local management practices.
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generalized framework to prioritize conservation from a landscape
perspective for prairie grouse in the Great Plains.
How to Prioritize Conservation Practices on Rangelands
The range management discipline has focused traditionally on
managing vegetation to sustain production of forage for the livestock
industry (Holechek et al. 2004). Recently, an alternative approach that
is based on conservation of pattern and processes on rangelands has
been proposed (Fuhlendorf et al. 2012). This approach suggested the
following principles: 1) maintain large continuous tracts of rangeland,
2) understand the importance of stocking rate while recognizing that
no single rate is appropriate, 3) promote uneven distribution and
understand heterogeneity, 4) promote shifting mosaics where distur-
bance patterns are variable in space and time, 5) recognize that all
species are important to conservation, and 6) emphasize the impor-
tance of restoring disturbance regimes on large landscapes. In addition
to the need for a new approach focused on conservation of rangelands,
manyother practices and actions on rangelands inﬂuence the ability of a
landscape or region to support species of conservation concern.
A primary approach for prioritizing conservation is to use hierarchy
theory, viewing habitat as a hierarchically nested organization of condi-
tions and resources required by an organism, where all units are com-
posed of subunits within larger subunits (Kolasa and Waltho 1998;
Fuhlendorf et al. 2002a). This pattern results in a situation where
broad-scale patterns constrain ﬁne-scale processes and suggests that
broad-scale conditions must be suitable before success (e.g., increased
nest survival) can occur from ﬁner-scale management actions. Through
this framework, there is no justiﬁcation for conducting localmanagement
if populations are constrainedby higher-level fragmentation as the objec-
tiveswill not be achievable until higher-order patterns and conditions are
addressed relevant to the species of interest. Therefore, in fragmented
landscapes, themajor conservation focus should be on limiting additional
fragmentation and attempting to identify the best places to reverse
previous fragmentation. A ﬁrst step in this process is to determine what
constitutes fragmentation for the species of conservation concern.
When prioritizing factors that contribute to fragmentation, it would
be most effective to ﬁrst focus on factors that are at risk of crossing a
threshold where reversal is unlikely (Fahrig 2001). This aims to limit
additional and irreversible damage to landscapes and the species that
require broad-scale continuity. For example, land cover/land use
changes contribute to fragmentation, but if change is due to develop-
ment from suburban conversion or cultivation, reversal of thosechanges is unlikely. Avoiding these kinds of nonreversible changes
should be the initial goal of conservation, particularly when they occur
at large spatial scales (Fig. 2). Once the landscape is largely converted,
then the priority should be addressing the most at-risk and easily
restored landscape elements that will provide the greatest connectivity.
When landscape connectivity is maintained and large rangeland
landscapes are intact, ﬁner-scaled and reversible management focused
on factors that inﬂuence proximal vegetation structure suitable for
certain life history activities have a reasonable expectation of success
(Fitzgerald and Tanner, 1992).
A hierarchical approach requires recognition of factors that alter
conservation by constraining the success of local management. Broadly,
we can categorize these into constraining and ﬁne-scaled (proximal)
management factors. The argument through hierarchy theory is that
conservation should ﬁrst focus on limiting constraining factors and
then focus on the ﬁne-scaled management. This process of classiﬁcation
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ciﬁc case studies. For this paper, we focus on Lesser and Greater Prairie-
Chickens in the Southern Great Plains, although the implications could
be more broadly applied to many conservation issues on rangelands.Figure 3. A model illustrating the application of hierarchy theory in which large-scale,
regional factors (cultivation of grasslands or tree encroachment into grasslands)
constrain the inﬂuence of local factors (management practices such as grazing or
prescribed burning).Fragmentation—The Constraining Factor for Grouse
Grouse species require large, relatively unfragmented landscapes
that include local heterogeneity (Johnsgard 2002). Speciﬁcally, Greater
Prairie-Chickens and Lesser Prairie-Chickens require expansive land-
scapes that resemble native vegetation and include local needs for activi-
ties such as nesting and brood rearing but also encompass year-round
needs such as wintering, roosting, and lekking locations (Hovick et al.,
2014a, 2014b; McNew et al. 2015). These patterns are not unique
among prairie chickens. For example, similar ﬁndings have been reported
for the Greater Sage-grouse (Centrocercus urophasianus) on rangelands of
the western United States (Coates et al., 2015; Dahlgren et al. 2016). To
promote the conservationof these grouse species, landscape-levelmodels
may be required to identify speciﬁc geographical areas with high poten-
tial to serve as core areas, while local-level models may be best for
evaluating effects of site-speciﬁc management (i.e., local disturbances)
within the landscape context (Coates et al., 2015). A key component
for nesting ecology is ﬁne-scale concealment at nest locations (Coates
and Delehanty, 2010; Hovick et al. 2015a; McNew et al. 2015; Dinkins
et al. 2016), but as we emphasize in this paper, ﬁlters at higher scales
such aswoody encroachment and land conversion need to be considered
for population persistence (Fuhlendorf et al., 2002a, 2002b; Doherty
et al., 2010). For purposes of this review, we keep our main focus on
the Great Plains and the prairie grouse that occupy this region, but
most of these principles apply to grouse found throughout rangelands,
including sage grouse.
Historically, conversion of rangeland to cropland has caused the
greatest alteration to the Great Plains (Samson and Knopf 1994). The
widespread cultivation of grasslands is frequently cited as having perma-
nently altered the Great Plains. This alteration represents the single
greatest threat to sustainability of Great Plains grassland ecosystems
and their fauna (e.g., Samson and Knopf 1994). Cultivation in particular
has long-term consequences including soil erosion, increased decompo-
sition, depletion of soil organicmatter, and reduced site fertility (Tieszen
et al. 1982; Aguilar et al. 1988; Burke et al. 1989). Because of these effects,
recovery of native grasslands after cultivation, even with reseeding, is
either slow or nonexistent in shortgrass prairie (Cofﬁn et al. 1996;
Hyder et al. 1971), mixed prairie (Fuhlendorf et al. 2002b), and tallgrass
prairie (Collins and Adams 1983). Ecosystem processes, such as nutrient
cycling, are irreversibly altered and nutrient status is reduced and cannot
be restored even 50+ years after restoration seeding (Burke et al. 1989;
Lauenroth et al. 1994; Fuhlendorf et al. 2002b).
Because of the long-term impacts of cultivation, conservation in the
Great Plains must consider historical and current patterns of land
conversion. In fact, the historical cultivation of native grasslands and
shrublands is considered the primary factor in the decline of many
sensitive conservation species within the Great Plains during the ﬁrst
century of European settlement. As an example, declines in prairie-
chicken populations primarily occurred during this period as cropland
exceeded thresholds suitable for maintaining natural cover necessary
for nesting and brood-rearing (Crawford and Bolen 1976; Taylor and
Guthery 1980; Johnsgard 2002). Establishing perennial grass and forb
cover on former croplands has clearly beneﬁted grassland passerines
and prairie-chickens (Reynolds et al. 1994; Coppedge et al. 2001a;
Matthews et al. 2013), but restoration of cultivated landscapes remains
costly and socially constrained, suggesting that focusing on restoration
of cropland may be less efﬁcient (i.e., lower beneﬁt-to-cost ratio) than
other conservation activities (see Fig. 2) (Fuhlendorf et al. 2002a;
Hellerstein and Malcolm 2011; Sohl et al. 2012; Feng et al. 2013).
Identifying areas of high biological value that are at risk of conversionto cropland can help prioritize regional conservation efforts (Stephens
et al. 2008).
From Texas to the eastern deciduous forest that borders the Great
Plains, woody plants have encroached northward andwestward because
of changes in climatic conditions and widespread ﬁre suppression
(Briggs et al. 2005). This gradual and insidious encroachment has been
described as a “green glacier” (Engle et al. 2008) and has converted
grasslands and shrublands to woodlands, altering livestock production,
ecological processes, and wildlife habitat (Coppedge et al. 2001a;
Fuhlendorf et al. 2008). Conversion of grasslands to woodlands began
more than 100 years ago and continues today on rangelands throughout
North America and beyond (Twidwell et al. 2013). This increase has had
profound impacts on grassland birds and prairie grouse in particular
(Coppedge et al. 2001a). Speciﬁcally, landscapes with declining popula-
tions of Lesser Prairie-Chickens experience more large-scale fragmenta-
tion from factors like woody plant encroachment than landscapes with
sustained populations (Fuhlendorf et al. 2002a). Similarly, Greater and
Lesser Prairie-Chickens tend to maximize distance from trees when
selecting nesting sites (Hovick et al. 2015a). So, while cultivation may
have been the early contributor to fragmentation and may continue in
some local areas, from a prairie-chicken perspective in the southern
half of the Great Plains, the majority of active fragmentation is due to
woody plant encroachment.
Multiple types of fragmentation exist throughout the Great Plains,
and many of them are increasing (Engle et al. 2008; Fargoine et al.
2009). Woody encroachment throughout much of the Central and
Southern Great Plains is approaching a threshold that will prevent the
reintroduction of ﬁre for effective management, thereby reducing the
capacity for these areas to function as habitat for grassland obligate
species (Fuhlendorf et al. 1996; Coppedge et al. 2001a; Fuhlendorf
et al. 2008). Additionally, other sources of fragmentation exist as a
result of landowner choice and federal programs where much of the
cultivated land has been converted to monocultures of exotic perennial
grasses (Laycock 1988; Leathers and Harrington 2010). Moreover, land
use such as cultivated crops, biofuels production, energy development,
and urban expansion are projected to dominate the Great Plains,
which could further reduce native plant cover up to 36% by 2100
(Sohl et al. 2012). Large tracts of prairie will likely be restricted to
land parcels where ﬁre is a landscape management practice and
where cultivation is not feasible or desirable. These changes have the
potential to further reduce populations of obligate grassland fauna of
the Great Plains and as a consequence reduce the effectiveness of local
12 S.D. Fuhlendorf et al. / Rangeland Ecology & Management 70 (2017) 9–14management practices applied for conservation purposes (Fig. 3). The
cumulative sum of these changes to rangelands across the Great Plains
has led to the endangered status of the Attwater’s Prairie-Chicken
(Tympanuchus cupido attwateri), which is a subspecies of the Greater
Prairie-Chicken; formerly threatened status of the Lesser Prairie-
Chicken; and reduced distribution and many statewide listings as a
species of conservation concern for the Greater Prairie-Chicken (Robel
2004; USFWS, 2014).
An emerging and expanding constraint on prairie grouse inhabiting
the Great Plains is the industrialization of rangelands through energy
development. High levels of energy development are contributing
to additional fragmentation for prairie-chickens, but additional data
are needed to determine how and under what circumstances energy
development constitutes fragmentation for these species. Existing data
have reported mixed impacts of energy development on Greater
Prairie-Chickens depending on the sex, life history stage, and other
factors (Winder et al., 2013, 2014, 2015a, 2015b, but globally, energy
development appears to have consistent, negative inﬂuence on grouse
survival and behavior (Hovick et al., 2014a, 2014b). Moreover, it is
apparent that a large amount of net primary production (i.e., biomass
that functions as cover and food for prairie grouse) is lost to oil and gas
development speciﬁcally, and this undoubtedly has direct effects on
native ﬂora and fauna as a result of direct habitat loss (Allred et al. 2015).Proximal Management
Proximal management is focused on local objectives that could be
based on the premise of improving livestock production or other local
goals without consideration for effects at broader scales. These practices
includemost of the local management activities conducted bymanagers
on rangelands, and while they can be locally successful for some objec-
tives such as changing forage yield for livestock production, their success
for other objectives is largely dependent on the constraining effect of
landscape context. This is particularly true when considering prairie-
chicken populations and the immediate effects of local landscape
management interacting with short-term weather variables across
landscapes with variable capacities to buffer these ﬁne-scale effects
(Hovick et al. 2015a;Winder et al., 2015a, 2015b; Hagen& Elmore, 2016).
When considering the potential effects of proximal management
and the constraining effect of higher-order landscape features, it is
necessary to understand the dominant historic disturbances within
the Great Plains, whichwere ﬁre (anthropogenic and lightning caused),
climatic ﬂuctuation, and grazing by mammalian herbivores (Anderson
2006). Additionally, the interaction between grazing animals and
ﬁre led to a feedback that resulted in heterogeneous landscapes that
included burned and heavily grazed plant communities and ungrazed,
unburned plant communities interspersed among many patches in
variable successional stages (Fuhlendorf et al. 2009; Fuhlendorf and
Engle 2001). This disturbance regime resulted in some level of local
heterogeneity in terms of variable vegetation structure and composi-
tion, while limiting coarser fragmentation of grasslands by restricting
most trees and ﬁre-intolerant plants to drainages and rocky outcrops
where ﬁne fuels limited ﬁre frequency. Great Plains landscapes were
therefore dominated by grasslands that were a shifting mosaic of
patches of various structure and composition following ﬁre and grazing
(Fuhlendorf and Engle 2001). For grassland birds, some species were
best adapted to particular patches resulting from various time post
disturbance while others with broader niche breadth occurred in all or
most patch types (Knopf 1996a). The heterogeneity of vegetation
types was critical to maintaining ﬂoral and faunal diversity across
Great Plains landscapes. Some wildlife species such as prairie-chickens
(see Fig. 1) and upland sandpipers (Sandercock et al. 2015) require
multiple vegetation structure types to complete the annual stages of
their life history. This shifting mosaic provided the vegetation structure
required for the entire suite of breeding and nonbreeding birds thatoccupy grasslands in a particular region (Fuhlendorf et al. 2006; Hovick
et al., 2014a, 2014b).
Over the past century, the rangeland profession has encouraged
managing these landscapes with uniform grazing, and in some cases ﬁre
and herbicides, to promote homogenous plant communities dominated
by a few key forage plant species (Fuhlendorf and Engle 2001; Fuhlendorf
et al. 2012). On rangelands of the Great Plains, grazing and ﬁre effects are
largely reversible unless grazing intensity and duration are sufﬁcient to
promote erosion (Milchunas et al. 1988; Milchunas and Lauenroth
1993; Milchunas et al. 1994; Fuhlendorf and Smeins 1997; Fuhlendorf
and Engle 2001; Fuhlendorf et al. 2009). On most grasslands, the domi-
nant effect of grazing is altering the structure of vegetation that may be
important for somewildlife species (Lauenroth et al. 1994; Knopf 1996b).
Herbicide applications forweed and brush control is another form of
proximal disturbance that is widely recommended and frequently
adopted to reduce species that are perceived as undesirable for maxi-
mizing cattle production (Vallentine 1989; Hanselka et al. 1990; New
1997). Herbicides used on woody plants in the Great Plains are often
used to reduce the inherent structural complexity of the vegetation
(Vinton and Collins 1997), which in some cases has been altered from
historic conditions due to changes in both ﬁre and grazing regimes
(Fuhlendorf and Engle 2001). Changes in the woody plant structure
and composition can change the availability of food and cover for
some wildlife including prairie-chickens (Koerth 1996). As mentioned
earlier, limiting woody plants can maintain connectivity of grasslands,
and in the case of some species like mesquite (Prosopis glandulosa
Torr.), herbicides are an important option for management. For other
plants, such as juniper species in the Great Plains, herbicides are largely
ineffective and ﬁre may bemore appropriate. Other species that may be
targeted by herbicides include edaphically limited native shrubs such as
shinnery oak (Quercus havardii Rydb.) and sand sagebrush (Artemisia
ﬁlifolia Torr.), which are critical to conservation of some populations of
prairie chickens in the Central and Southern Great Plains (Lauenroth
andMilchunas 1991; Boyd and Bidwell 2001; Harrell et al. 2001; Patten
et al. 2005; Thacker et al. 2012). Beyond application of herbicides for
woody plants, herbicide is often targeted toward herbaceous dicot
species (Fuhlendorf et al. 2009). Unfortunately, many of these targeted
dicot species provide food both directly and indirectly to prairie-
chickens, aswell as provide important cover for broods. Herbicide appli-
cation can produce variable-edge contrasts and have variable resistance
to recovery depending on the speciﬁc action and the conditions at time
of application. Therefore, it may constitute either low or moderate
severity of disturbance, but in some cases these vegetation types can
cross a recovery threshold that will take decades to change (Thacker
et al. 2012).
All of these proximal management practices have variable effects on
conservation of landscapes, and some are more useful depending on
conservation and other societal objectives. In general, these traditional
management actions are usually applied for local management objec-
tives rather than focused on promoting connectivity of the landscape.
There are various reasons that local management is often the focus,
including parcel size, additional objectives such as livestock grazing,
and cost-share programmatic structure. Nevertheless, it is critical to
recognize that grazing and vegetation management that is focused on
conservation will have limited positive inﬂuence when broader-scale
patterns have not been considered.
Conservation Priorities and Management Implications
For long-term sustainability of rangeland endemic fauna, conserva-
tion strategymust shift from focusing primarily on locally recommended
management to a regional focus on preventing high-severity change that
contributes to nearly irreversible fragmentation of the Great Plains.
Application of hierarchy theory suggests that regional processes will
constrain lower-level processes and reduce the success of proximal or
local management (see Fig. 3). Because fragmentation is a regional
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conditionwill fail tomaintain populations of rangeland endemicwildlife
when higher-level processes such as tree encroachment and land
conversion are fragmenting large landscapes (Hovick et al. 2015a).
Resources are limited to support conservation and management.
Therefore, we propose setting conservation priorities based primarily
on a sites capacity to recover from changes that have occurred. Although
severity of effects or landscape change is generally a local concern for
land management, the overriding issue for regional conservation is the
propensity for rangelands to recover from a particular event (see
Fig. 2). Landscape change on sites that have the lowest likelihood of re-
covering should be given the lowest priority because without reversal,
the impacts on Great Plains endemic fauna such as prairie-chickens
may be nearly irreparable. Change that fragments rangelands such as
conversion to cropland, increased dominance of trees, industrialization,
some herbicide applications, seeding of invasive herbaceous monocul-
tures, and increased dominance of exotic invaders are all examples of
landscape-level change in the top-tier hierarchy that should be the
primary conservation focus if prairie-chickens are an objective.Measure-
ments of and management to change metrics such as stubble height,
litter depth, bare ground, plant diversity, and percent cover by functional
group are of secondary concern for prairie grouse. Conservation discus-
sions, planning, and expenditure of resources should therefore follow
in a logical hierarchal approach. Some changes, especially exotic plant
invasions and native tree encroachment, contribute to habitat loss and
the demise ofmany bird populations (Coppedge et al. 2001b; Fuhlendorf
et al. 2002a), and others (ﬁre and the ﬁre-grazing interaction) contribute
to habitat restoration and can increase diversity and stability in native
communities (Hovick et al. 2015b; McGranahan et al. 2016). Fire and
grazing management may be locally important to conservation, but
these disturbances rarely cause irreversible fragmentation of grasslands
(see Fig. 2). In fact, periodic ﬁre and the ﬁre-grazing interaction are pro-
cesses critical to the maintenance of grassland dominance (Vinton and
Collins 1997; Fuhlendorf and Engle 2001; Anderson 2006).
The most efﬁcient approach to conserving the endemic biota of the
Great Plains is to prevent changes that are long term and challenging
to reverse for socioeconomic reasons. Restoring cultivated land and
rangelands that have been invaded by exotic species or mature woody
plants is expensive and is unlikely to meet the goal of complete restora-
tion within a meaningful management timeframe (i.e., several decades).
Cultivation has largely fragmented the Great Plains, yet over the past
several decades, cultivated land has decreased in some regions because
of government programs and many of the remnant prairies remain
uncultivated because of topo-edaphic limitations. In contrast, invasive
exotic species and encroaching trees have increased on remnant, native
grasslands throughout the Great Plains (Briggs et al. 2002; Briggs et al.
2005; Engle et al. 2008). Thus, a top conservation priority for the long-
term persistence of native Great Plains’ biota, especially prairie-
chickens, should be focused on limiting future cultivation of rangeland
and encroachment by woody plants that would increase fragmentation
of these landscapes.
A common logical error in reasoning that is relevant to developing
conservation priorities is the survivorship bias, which focuses on people
or things (i.e., stocks or companies) that have survived and inadvertently
ignores those that have not persisted (Gazley and Guo 2015). In wildlife
conservation, we often focus on studying species in landscapes where
the species has persisted rather than trying to understand where it once
existed but is no longer present. For example, the vast majority of the
historical distribution of the Lesser Prairie-Chicken has experienced
woodyplant encroachment fromﬁre suppression, and this encroachment
has been a primary cause of decline in the species across its historical
range (Fuhlendorf et al. 2002a). Changing grass height or litter depth or
increasing the cover of forbs may impact a few remaining prairie-
chickens, but it will not create useable space at a scale relevant to the
historic conditions that existed before land conversion and ﬁre suppres-
sion. Without a retrospective perspective, studies of a species responseto changing landscapes will rarely be able to demonstrate the primary
causes of the decline. For prairie-chickens, the factor that has driven land-
scape changes for the past 50 years (encroachment of woody plants) is
also currently the dominant driver of fragmentation of the Southern
Great Plains and when combined with historical patterns of cultivation
encroachment of woody plants remains the dominant threat to
rangelands of the region. In this context, the study of vital rates in
response to proximal management that changes herbaceous vegetation
structure is trivialwhen comparedwith conversion ofmillions of hectares
of rangelands to nonhabitat for grouse. In summary, if prairie-chicken
persistence is a conservation goal, a continuing focus on local conditions
has a low probability of success but also diverts limited resources from
addressing the driving sources of continued decline. While many in the
conservation community have acknowledged that landscape factors are
critical, it is time to act on these convictions if imperiled prairie grouse
are to recover.
References
Aguilar, R., Kelly, E.F., Heil, R.D., 1988. Effects of cultivation on soils in Northern Great
Plains rangelands. American Journal of the Society of Soil Sciences 2, 1081–1085.
Allred, B.W., Smith, W.K., Twidwell, D., Haggerty, J.H., Running, S.W., Naugle, D.E.,
Fuhlendorf, S.D., 2015. Ecosystem services lost to oil and gas in North America.
Science 348, 401–402.
Anderson, R.C., 2006. Evolution and origin of the Central Grassland of NorthAmerica: climate,
ﬁre, and mammalian grazers. Journal of the Torrey Botanical Society 133, 626–647.
Boyd, C.S., Bidwell, T.G., 2001. Inﬂuence of prescribed ﬁre on Lesser Prairie-Chicken habitat in
shinnery oak communities in western Oklahoma. Wildlife Society Bulletin 29, 938–947.
Briggs, J.M.,Hoch,G.A., Johnson, L.C., 2002.Assessing the rate,mechanisms, and consequences
of the conversion of tallgrass prairie to Juniperus virginiana forest. Ecosystems 5,
578–586.
Briggs, J.M., Knapp, A.K., Blair, J.M., Heisler, J.L., Hoch, G.A., Lett, M.S., McCarron, J.K., 2005.
An ecosystem in transition: causes and consequences of the conversion of mesic
grassland to shrubland. BioScience 55, 243–254.
Burke, I.C., Yonker, C.M., Parton, W.J., Cole, C.V., Flach, K., Schimmel, D.S., 1989. Texture,
climate, and cultivation effects on soil organic matter content in U.S. grassland soils.
Soil Science Society of America 53, 800–805.
Coates, P.S., Delehanty, D.J., 2010. Nest predation of Greater Sage-Grouse in relation tomi-
crohabitat factors and predators. Journal of Wildlife Management 74, 240–248.
Coates, P.S., Casazza, M.L., Ricca, M.A., Brussee, B.E., Blomberg, E.J., Gustafson, K.B., Overton,
C.T., Davis, D.M., Niell, L.E., Espinosa, S.P., Gardner, S.C., Delehanty, D.J., 2015. Integrating
spatially explicit indices of abundance and habitat quality: an applied example for
Greater Sage-Grouse management. Journal of Applied Ecology 53, 83–95.
Cofﬁn, D.P., Lauenroth, W.K., Burke, I.C., 1996. Recovery of vegetation in a semiarid grass-
land 53 after disturbance. Ecological Applications 6, 538–555.
Collins, S.L., Adams, D.E., 1983. Succession in grasslands: thirty-two years of change in a
central Oklahoma tallgrass prairie. Vegetatio 51, 181–190.
Coppedge, B.R., Engle, D.M., Fuhlendorf, S.D., Masters, R.E., Gregory, M.S., 2001b. Urban
sprawl and juniper encroachment effects on abundance ofwintering passerines in Oklaho-
ma. In:Marzluff, J.M., Bowman, R., Donnelly, R. (Eds.), Avian ecology and conservation in an
urbanizing world. Kluwer Academic Publishers, Berlin, Germany, pp. 225–242.
Coppedge, B.R., Engle, D.M., Masters, R.E., Gregory, M.S., 2001a. Avian response to landscape
change in fragmented Southern Great Plains grasslands. Ecological Applications 11, 47–59.
Crawford, J.A., Bolen, E.G., 1976. Effects of land use on Lesser Prairie-Chickens in Texas.
The Journal of Wildlife Management 40, 96–104.
Dahlgren, D.K., Larsen, R.T., Danvir, R., Wilson, G., Thacker, E.T., Black, T.A., Naugle, D.E.,
Connelly, J.W., Messmer, T.A., 2016. Greater Sage-Grouse and range management:
insights from a 25-year case study in Utah and Wyoming. Rangeland Ecology and
Management 68, 375–382.
Doherty, K.E., Naugle, D.E., Walker, B.L., 2010. Greater Sage-Grouse nesting habitat: the im-
portance ofmanaging atmultiple scales. Journal ofWildlifeManagement 74, 1544–1553.
Engle, D.M., Coppedge, B.R., Fuhlendorf, S.D., 2008. From the Dust Bowl to the green gla-
cier: human activity and environmental change in Great Plains grasslands. In: Van
Auken, O. (Ed.), Western North American Juniperus Communities. Springer, New
York, NY, USA, pp. 253–271.
Fahrig, L., 2001. How much habitat is enough? Biological Conservation 100, 65–74.
Fargoine, J.E., Cooper, T.R., Flashpohler, D.J., Hill, J., Lehman, C., McCoy, T., McLeod, S.,
Neslon, E.J., Oberhasuer, K.S., Tilman, D., 2009. Bioenergy and wildlife: threats and
opportunities for grassland conservation. BioScience 59, 767–777.
Feng, H., Hennessy, D.A., Miao, R., 2013. The effects of government payments on cropland
acreage, conservation reserve program enrollment, and grassland conversion in the
Dakotas. American Journal of Agricultural Economics 95, 412–418.
Fitzgerald, S.M., Tanner, G.W., 1992. Avian community response to ﬁre and mechanical
shrub control in south Florida. Journal of Range Management 45, 396–400.
Fuhlendorf, S.D., Engle, D.M., 2001. Restoring heterogeneity on rangelands: ecosystem
management based on evolutionary grazing patterns. Bioscience 51, 625–632.
Fuhlendorf, S.D., Smeins, F.E., 1996. Spatial scale inﬂuence on long-term temporal
patterns of a semi-arid grassland. Landscape Ecology 11, 107–113.
Fuhlendorf, S.D., Smeins, F.E., 1997. Long-term vegetation dynamics mediated by herbi-
vores, weather, and ﬁre in a Juniperus-Quercus savanna. Journal of Vegetation Science
8, 819–828.
14 S.D. Fuhlendorf et al. / Rangeland Ecology & Management 70 (2017) 9–14Fuhlendorf, S.D., Woodward, A.J.W., Leslie, D.M., Shackford, J.S., 2002a. Multi-scale effect
of habitat loss and fragmentation on Lesser Prairie-Chicken populations of the US
Southern Great Plains. Landscape Ecology 17, 617–628.
Fuhlendorf, S.D., Zhang, H., Tunnell, T., Engle, D.M., Cross, A.F., 2002b. Effects of grazing on
restoration of southern mixed prairie soils. Restoration Ecology 10, 401–407.
Fuhlendorf, S.D., Archer, S.R., Smeins, F.E., Engle, D.M., Taylor Jr., C.A., 2008. The combined
inﬂuence of grazing, ﬁre, and herbaceous productivity on tree–grass interactions.
In: Van Auken, O. (Ed.), Western North American Juniperus communities. Springer,
New York, NY, USA, pp. 219–238.
Fuhlendorf, S.D., Engle, D.M., Elmore, R.D., Limb, R.F., Bidwell, T.G., 2012. Conservation of
pattern and process: developing an alternative paradigm of rangeland management.
Rangeland Ecology & Management 65, 579–589.
Fuhlendorf, S.D., Engle, D.M., Kerby, J., Hamilton, R., 2009. Pyric herbivory: rewilding land-
scapes through the recoupling of ﬁre and grazing. Conservation Biology 23, 588–598.
Fuhlendorf, S.D., Harrell, W.C., Engle, D.M., Hamilton, R.G., Davis, C.A., Leslie Jr., D.M., 2006.
Should heterogeneity be the basis for conservation? Grassland bird response to ﬁre
and grazing. Ecological Applications 16, 1706–1716.
Fuhlendorf, S.D., Smeins, F.E., Grant, W.E., 1996. Simulation of a ﬁre-sensitive ecological
threshold: a case studyof Ashe juniper on theEdwards Plateau of Texas, USA. Ecological
Modeling 90, 245–255.
Gazley, B., Guo, C., 2015. What do we know about nonproﬁt collaboration? A comprehen-
sive systematic review of the literature. Academy ofManagement Proceedings http://
dx.doi.org/10.5465/AMBPP.2015.303.
Hagen, C.A., Elmore, R.D., 2016. Synthesis, conclusions, and a path forward. In: Haukos,
D.A., Boal, C.W. (Eds.), Ecology and conservation of Lesser Prairie-Chickens. CRC
Press, New York, NY, USA, pp. 345–374.
Hanselka, C.W., McGinty, A., Rector, B.S., Rowan, R.C., White, L.D., 1990. Grazing and brush
management on Texas rangelands: an analysis of management decisions. Texas
Agricultural Extension Service, Texas A&M University, College Station, Texas, USA.
Harrell, W.C., Fuhlendorf, S.D., Bidwell, T.G., 2001. Effects of prescribed ﬁre on sand
shinnery oak communities. Journal of Range Management 54, 685–690.
Hellerstein, D., Malcolm, S., 2011. The inﬂuence of rising commodity prices on the conser-
vation reserve program. US Department of Agriculture Economic Research Service.
Economic Research Report 110, 38.
Helzer, C.J., Jelinski, D.E., 1999. The relative importance of patch area and perimeter-area
ratio to grassland breeding birds. Ecological Applications 9, 1448–1458.
Herkert, J.R., 1994. The effects of habitat fragmentation on Midwestern grassland bird
communities. Ecological Applications 4, 461–471.
Holechek, J., Pieper, R.D., Herbel, C.H., 2004. Range management: principles and practices.
5th ed. Upper Saddle River, NJ, USA, Prentice Hall, p. 587.
Hovick, T.J., Elmore, R.D., Fuhlendorf, S.D., 2014a. Structural heterogeneity increases diver-
sity of nonbreeding grassland birds. Ecosphere 5, 62.
Hovick, T.J., Elmore, R.D., Dahlgren, D.K., Fuhlendorf, S.D., Engle, D.M., 2014b. Evidence of
negative effects of anthropogenic structures on wildlife: a review of grouse survival
and behavior. Journal of Applied Ecology 51, 1680–1689.
Hovick, T.J., Elmore, R.D., Fuhlendorf, S.D., Dahlgren, D.K., 2015a. Weather constrains the
inﬂuence of ﬁre and grazing on nesting Greater Prairie-Chickens. Rangeland Ecology
& Management 68, 186–193.
Hovick, T.J., Elmore, R.D., Fuhlendorf, S.D., Engle, D.M., Hamilton, R.G., 2015b. Spatial
heterogeneity increases diversity and stability in grassland bird communities.
Ecological Applications 25, 662–672.
Hyder, D.N., Everson, A.C., Bement, R.E., 1971. Seedling morphology and seeding failures
with blue grama. Journal of Range Management 24, 287–292.
Johnsgard, P.A., 2002. Grassland grouse and their conservation. Smithsonian Institute,
Washington, DC, USA.
Johnson, J.A., Toepfer, J.E., Dunn, P.O., 2003. Contrasting patterns of mitochondrial and
microsatellite population structure in fragmented populations of Greater Prairie-
Chickens. Molecular Ecology 12, 3335–3347.
Knopf, F.L., 1996a. Prairie legacies—birds. In: Samson, F.B., Knopf, F.L. (Eds.), Prairie con-
servation: preserving North America’s most endangered ecosystem. Island Press,
Washington, DC, USA, pp. 135–148.
Knopf, F.L., 1996b. Perspectives on grazing nongame bird habitats. In: Krausman, P.R.
(Ed.), Rangelandwildlife. Society for RangeManagement, Denver, CO, USA, pp. 51–58.
Koerth, B.H., 1996. Chemical manipulation of plants. In: Krausman, P.R. (Ed.), Rangeland
wildlife. Society for Range Management, Denver, CO, USA, pp. 321–337 (440).
Kolasa, J., Waltho, N., 1998. A hierarchical view of habitat and its relationship to species
abundance. In: Peterson, D.L., Parker, V.T. (Eds.), Ecological scale. Theory and applica-
tions. Columbia University, New York, NY, USA, pp. 55–76.
Lauenroth, W.K., Milchunas, D.G., 1991. The shortgrass steppe. In: Coupland, R.T. (Ed.), Eco-
systems of the World 8A: natural grasslands, introduction, and Western hemisphere.
Amsterdam. Elsevier, The Netherlands, pp. 183–226.
Lauenroth,W.K., Milchunas, D.G., Dodd, J.L., Hart, R.H., Heitschmidt, R.K., Rittenhouse, L.R.,
1994. Effects of grazing on ecosystems of the Great Plains. In: Vavra, M., Laycock,
W.A., Pieper, R.D. (Eds.), Ecological implications of livestock herbivory in the West.
Society for Range Management, Denver, CO, USA, pp. 69–100.
Laycock, W.L., 1988. History of grassland plowing and grass planting on the Great Plains.
In: Mitchell, J.E. (Ed.), Impacts of the Conservation Reserve Program in the Great
Plains. USDA Forest Service General Technical Report RM-158.
Leathers, N., Harrington, L.M.B., 2010. Effectiveness of Conservation Reserve Pro-
grams and land ‘slippage’ in southwestern Kansas. The Professional Geographer
52, 83–93.
Matthews, T.W., Tyre, A.J., Taylor, J.S., Lusk, J.J., Powell, L.A., 2013. Greater Prairie-Chicken
nest success and habitat selection in southeastern Nebraska. Journal of Wildlife
Management 77, 1202–1212.McGranahan, D.A., Hovick, T.J., Elmore, R.D., Engle, D.M., Fuhlendorf, S.D., Winter, S.L.,
Miller, J.R., Debinski, D.M., 2016. Temporal variability in aboveground biomass
decreases as spatial variability increases. Ecology 97, 555–560.
McNew, L.B., Gregory, A.J., Wisely, S.M., Sandercock, B.K., 2012. Demography of Greater
Prairie-Chickens: regional variation in vital rates, sensitivity values, and population
dynamics. Journal of Wildlife Management 76, 987–1000.
McNew, L.B., Winder, V.L., Pitman, J.C., Sandercock, B.K., 2015. Alternative rangeland
management strategies and the nesting ecology of Greater Prairie-Chickens.
Rangeland Ecology & Management 68, 298–304.
Merrill, M.D., Chapman, K.A., Poiani, K.A., Winter, B., 1999. Land-use patterns surrounding
Greater Prairie-Chicken leks in northwestern Minnesota. Journal of Wildlife
Management 63, 189–198.
Milchunas, D.G., Lauenroth, W.K., 1993. Quantitative effects of grazing on vegetation and
soils over a global range of environments. Ecological Monographs 63, 327–366.
Milchunas, D.G., Forwood, J.R., Lauenroth, W.K., 1994. Forage production across ﬁfty years
of grazing intensity treatment in shortgrass steppe. Journal of RangeManagement 47,
133–139.
Milchunas, D.G., Sala, O.E., Lauenroth, W.K., 1988. A generalized model of the effects of
grazing by large herbivores on grassland community structure. American Naturalist
132, 87–106.
New, M.G., 1997. Survey of weed management practices in pastures and rangelands in
Oklahoma and selectivity of various herbicide treatments on cultivars of forage
Bermuda grass (Cynodon dactylon) [thesis]. Oklahoma State University, Stillwater,
OK, USA.
Patten, M.A., Wolfe, D.H., Shochat, E., Sherrod, S.K., 2005. Effects of microhabitat and
microclimate selection on adult survivorship of the Lesser Prairie-Chicken. Journal
of Wildlife Management 69, 1270–1278.
Pietz, P.J., Buhl, D.A., Shaffer, J.A., Winter, M., Johnson, D.H., 2009. Inﬂuence of trees in the
landscape on parasitism rates of grassland passerine nests in Southeastern North
Dakota. The Condor 111, 36–42.
Reynolds, R.E., Shaffer, T.L., Sauer, J.R., Peterjohn, B.G., 1994. Conservation Reserve
Program: beneﬁt for grassland birds in the northern Plains. Transactions of
North American Wildlife Conference 59, 329–336.
Robel, R.J., 2004. Summary remarks and personal observation of the situation by an old
hunter and researcher. Wildlife Society Bulletin 32, 119–122.
Samson, F.B., Knopf, F.L., 1994. Prairie conservation in North America. Bioscience 44,
418–421.
Sandercock, B.K., Alfaro-Barrios, M., Casey, A.E., Johnson, T.N., Mong, T.W., Odom, K.J.,
Strum, K.M., Winder, V.L., 2015. Effects of grazing and prescribed ﬁre on resource
selection and nest survival of Upland Sandpipers in an experimental landscape.
Landscape Ecology 30, 325–337.
Sohl, T.L., Sleeter, B.M., Sayler, K.L., Bouchard, M.A., Reker, R.R., Bennett, S.L., Sleeter, R.R.,
Kanegieter, R.L., Zhu, Z., 2012. Spatially explicit land-use and land-cover scenarios for the
Great Plains of the United States. Agriculture, Ecosystems, and Environment 153, 1–15.
Stephens, S.E., Walker, J.A., Blunck, D.R., Jayaraman, A., Naugle, D.E., Ringelman, J.K., Smith,
A.J., 2008. Predicting risk of habitat conversion in native temperate grasslands.
Conservation Biology 22, 1320–1330.
Taylor, M.S., Guthery, F.S., 1980. Status, ecology, and management of the Lesser Prairie-
Chicken. General technical report RM-77. US Department of Agriculture, Forest
Service, Rocky Mountain Forest and Range Experiment Station, Fort Collins, CO, USA.
Thacker, E.T., Gillen, R.L., Gunter, S.A., Springer, T.L., 2012. Chemical control of sand
sagebrush: implications for Lesser Prairie-Chicken habitat. Rangeland Ecology &
Management 65, 516–522.
Tieszen, H., Stewart, J.W.B., Betany, J.R., 1982. Cultivation effects on the amounts and concen-
tration of carbon, nitrogen, and phosphorous in grassland soils. Agronomy 74, 831–835.
Twidwell, D., Rogers, W.E., Fuhlendorf, S.D., Wonkka, C.L., Engle, D.M., Weir, J.R., Kreuter,
U.P., Taylor Jr., C.A., 2013. The rising Great Plains ﬁre campaign: citizens’ response to
woody plant encroachment. Frontiers in Ecology and Environment 11, 64–71.
United States Fish and Wildlife Service, 2014. Endangered and threatened wildlife and
plants; determination of threatened status for the Lesser Prairie-Chicken; ﬁnal rule.
Federal Registrar 79: 10 April 2014. Available at: http://www.gpo.gov/fdsys/pkg/
FR-2014-04-10/pdf/2014-07302.pdf (Accessed 20 November 2015).
Vallentine, J.F., 1989. Range development and improvements. 3rd ed. Academic Press,
New York, NY, USA (524 pp.).
Vinton, M.A., Collins, S.L., 1997. Landscape gradients and habitat structure in in native
grasslands of the central Great Plains. In: Knopf, F.L., Samson, F.B. (Eds.), Ecology
and conservation of Great Plains vertebrates. Springer, New York, NY, USA, pp. 3–19.
Wiens, J.A., 1989. Spatial scaling in ecology. Functional Ecology 3, 385–397.
Winder, V.L., Carrlson, K.M., Gregory, A.J., Hagen, C.A., Haukos, D.A., Kesler, D.C., Larsson,
L.C., Matthews, T.W., McNew, L.B., Patten, M.A., Pitman, J.C., Powell, L.A., Smith, J.A.,
Thompson, T., Wolfe, D.H., Sandercock, B.K., 2015a. Factors affecting female space
use in ten populations of prairie chickens. Ecosphere 6, 166.
Winder, V.L., Gregory, A., McNew, L.B., Sandercock, B.K., 2015b. Responses of male Greater
Prairie-Chickens to wind energy development. Condor 117, 284–296.
Winder, V.L., McNew, L.B., Gregory, A.J., Hunt, L.M., Wisely, S.M., Sandercock, B.K., 2013.
Effects of wind energy development on survival of female Greater Prairie-Chickens.
Journal of Applied Ecology 51, 395–405.
Winder, V.L., McNew, L.B., Gregory, A.J., Hunt, L.M., Wisely, S.M., Sandercock, B.K., 2014.
Space use by female Greater Prairie-Chickens in response to wind energy develop-
ment. Ecosphere 5, 1–17.
Wu, X.B., Silvy, N.J., Smeins, F.E., Maggio, R.C., 2001. Landscape changes in Lesser
Prairie-Chicken habitat in the Texas panhandle. A Final Report to Texas Parks andWild-
life Department. Department of Wildlife and Fisheries Science, Texas A&M University,
College Station, TX, USA.
